Introduction: Rubinstein-Taybi syndrome is an autosomal dominant disorder resulting in congenital craniofacial deformities, and divided into types 1 and 2. Scoliosis has not been reported as one of the extra-cranial manifestations of Rubinstein-Taybi syndrome type 2. Case presentation: We present a 14-year-old British Caucasian girl with Rubinstein-Taybi type 2 syndrome who developed a severe double thoracic scoliosis measuring 39°and 68°respectively. Her scoliosis was associated with thoracic hypokyphosis, causing a marked reduction in the anteroposterior diameter of her chest and consequent severe restrictive lung disease. The deformity was noted by her local pediatrician as part of a chest infection assessment when she was aged 13 years, and gradually progressed as the result of spinal growth. Our patient underwent a posterior spinal arthrodesis using a single concave pedicle hook and screw rod construct and locally harvested autologous graft supplemented by allograft bone. This spinal fixation technique was selected because of our patient's low body weight to avoid prominence of the instrumentation causing skin healing problems and pain. Her scoliosis was corrected to 18°and 30°and we achieved a balanced spine in the coronal and sagittal planes. An underarm spinal jacket was provided for six months after surgery. During her latest follow-up at skeletal maturity, our patient had an excellent cosmetic outcome with no loss of deformity correction or detected pseudoarthrosis and a normal level of activities. Conclusion: Scoliosis can develop in young children with Rubinstein-Taybi syndrome type 2, with the deformity deteriorating around the pubertal growth spurt. Surgical treatment can correct the deformity, balance the spine and prevent mechanical back pain. It can also stabilize the chest area and avoid respiratory complications developing as the scoliosis progresses, which can result in severe restrictive pulmonary disease. The use of single concave instrumentation is indicated in very slim patients with poor muscle bulk; in our patient, this produced satisfactory deformity correction and a favorable outcome at completion of growth. Peri-operative care in this group of patients can be very challenging because of associated co-morbidities as well as the presence of severe behavioral issues that result in poor patient compliance.
Introduction
Rubinstein-Taybi syndrome (RTS) is an autosomal dominant disorder resulting in craniofacial dysmorphism with distinctive facial features, short stature, developmental delay, and mental retardation. Spinal deformity and other orthopedic manifestations have been described as primary features of RTS type 1 (RTS-1). We present the case of a patient with RTS-2 who developed severe double thoracic scoliosis and underwent a posterior spinal arthrodesis. We describe our patient's post-operative course and final outcome 2.2 years after scoliosis surgery, when the patient had completed her skeletal growth. To the best of our knowledge, this is the first report of a patient with RTS-2 developing scoliosis and requiring surgical treatment.
Case presentation
A British Caucasian girl aged 14 years was referred to our clinic with a double thoracic scoliosis. She was diagnosed with RTS-2 on the basis of clinical findings and genetic testing. A physical examination demonstrated downslanting palpebral fissures, bilateral proptosis, divergent squint right eye, micrognathia and microcephaly, a high arched and narrow palate, dental crowding, ears posteriorly rotated, and arachnodactyly. As part of the underlying condition, our patient had marked nasal speech and mild to moderate right conductive hearing impairment. She had developmental delay and attention deficit hyperactivity disorder. She had a learning disability (intelligence quotient (IQ) 60) and delay in fine motor skills. There was no history of recurrent chest infections or gastroesophageal reflux. There was no family history of syndromic conditions or scoliosis. The scoliosis was first noted at the age of 13 years during an assessment of a chest infection by her pediatrician. No treatment was given at that stage and the deformity gradually progressed. At presentation to our clinic, she was post-menarche with height 137cm, arm span 144cm, body weight 27kg, and body mass index 9.8kg/m 2 .
On clinical examination, our patient had a severe double left upper and right lower thoracic scoliosis. Her thoracic spine across the more severe right thoracic curve was rotated to the right, with marked ipsilateral prominence of her rib cage and scapula and associated hypokyphosis. There was also thoracic translocation and listing of her trunk to the right, with associated waistline asymmetry and prominence of the left side of her pelvis. Her pelvis was level with no evidence of leg-length discrepancy. There were no skin or soft tissue abnormalities overlying her spine. Our patient reported no neurological symptoms. A neurological examination confirmed normal tone, muscle power, sensation and tendon reflexes in her upper and lower limbs, as well as symmetrically elicited abdominal reflexes. There were no upper motor neuron signs. Moderate ligamentous laxity was noted.
Radiographs of her spine during the initial assessment revealed a right thoracic scoliosis extending from T6 to L2, measuring 46°, and a left upper thoracic scoliosis extending from T1 to T6, measuring 30°. The rotatory component of the deformity resulted in marked thoracic hypokyphosis, which in turn significantly reduced the anteroposterior diameter of her chest, as well as the space available for her lungs. There were no congenital anomalies affecting her vertebral column or chest wall. There were also no features suggestive of congenital spinal stenosis, with the interpedicular distance within normal limits across all spinal segments. Her Risser grade was 0 with open triradiate cartilage bilaterally, indicating that she had significant remaining skeletal growth.
Because of the severity of her scoliosis, we decided to proceed with surgical correction. In the presence of the underlying syndromic condition, a pre-operative assessment was organized that included spinal magnetic resonance imaging (MRI) under general anesthesia as well as cardiac; anesthetic; ear, nose and throat; psychological; and respiratory reviews. We encountered extreme difficulty in concluding the pre-operative assessment because our patient's anxiety, behavioral problems and poor cooperation resulted in severe delays.
The MRI of the spine demonstrated no intra-spinal anomalies, normal appearance of the pedicles and no spinal stenosis. There was no evidence of tracheal or bronchial obstruction. The psychological evaluation concluded that our patient was cognitively and emotionally younger than her chronological age and consistent with that of a child aged seven to eight years. The cardiac evaluation, including electrocardiogram and ultrasound, showed normal function. The respiratory review, including chest radiographs, capillary blood gas sample and sleep studies, demonstrated restrictive pulmonary disease with marked deterioration of lung functions, forced expiratory volume in one second (FEV 1 ) 0.79L (38% predicted) and forced vital capacity (FVC) 0.88L (37% predicted). Preoperative blood results were within normal limits. At the time of surgery, 10 months after her initial clinical presentation, the degree of scoliosis in the thoracic curves had progressed to 39°and 68°respectively. Both curvatures were significantly rigid on a supine maximum traction radiograph, with the flexibility index being 7% and 20% for the upper and lower thoracic scoliosis respectively.
Our patient was admitted to our hospital on the day of surgery and the plan was for her to receive a dose of midazolam as pre-medication before transfer to theater. However, she refused to take her pre-medication or go to theater, despite efforts and involvement of allied health specialists (specialist spinal nurse, learning disability nurse and health play specialist). This resulted in cancellation of the procedure. Additional psychological support sessions were offered to our patient and the surgery was re-scheduled with a different anesthetic plan. A peripheral intravenous access was secured when performing pre-operative blood tests that allowed us to administer propofol and remifentanil in the Surgical Admissions Unit. She was subsequently transported to theater with an oxygen face mask, where intubation was performed without complications. There were no difficulties during intubation related to our patient's craniofacial anomalies.
Our patient (now 15 years old) underwent a posterior spinal arthrodesis extending from T2 to L4 with the use of a pedicle hook, screw and single concave rod instrumentation ( Figure 1A,B) . We performed subperiosteal exposure of the spine to the tips of the transverse processes with extensive facetectomies to mobilize the curve and allow for placement of the instrumentation and extensive decortication. This was followed by an interfacetal and intertransverse arthrodesis using locally harvested bone from the spinous processes and supplemented by allograft bone. Correction of the scoliosis was achieved through apical translation, rod de-rotation, and proximal or distal distraction of the construct. We monitored her spinal cord during the operation, recording cortical and cervical somatosensory as well as transcranial motor evoked potentials, and there were no problems. A nasogastric tube was placed at completion of surgery to allow early instigation of feedings. Our patient was transferred to our intensive care unit still intubated.
Our patient was extubated on her first post-operative day and remained in our intensive care unit for two days. Feedings were achieved through a nasogastric tube with the addition of nutritional supplements. An underarm spinal jacket was applied for six months after surgery to provide additional support. Her total hospital stay was 17 days and overnight nasogastric feedings were continued at home. Post-operative radiographs showed satisfactory correction of both thoracic curves to 18°a nd 30°respectively and restoration of the sagittal balance of her spine ( Figure 1C,D) .
At her latest follow-up, two years and three months after surgery, our patient had no complaints of her back and she had returned to her normal activities. She was skeletally mature and spinal radiographs demonstrated no loss of scoliosis correction, no non-union and no add-on junctional deformity above or below the levels of the fusion. Repeat pulmonary function tests demonstrated a mild improvement in her lung function compared with her pre-operative tests, with FEV 1 of 0.86L (47% predicted) and FVC of 0.94L (49% predicted).
Discussion
RTS is a rare congenital multi-system disorder characterized by mental retardation, post-natal growth deficiency, microcephaly, broad thumbs and halluces, and dysmorphic facial features. The condition was first described in 1957 by Michail et al. [1] in a French orthopedic journal. In 1963, Rubinstein and Taybi described a malformation syndrome characterized by distinctive facial features, mental deficiency, and broad thumbs and halluces in seven patients [2, 3] . The following year, Coffin [4] reported an additional six cases and proposed the eponymous title. RTS is alternatively known as broad thumb and hallux syndrome.
The condition has a variable degree of phenotypic expression. There are two distinct types: type 1 is caused by a heterozygous mutation in the gene encoding the transcriptional co-activator CREB-binding protein (CREBBP) on chromosome 16p13 [5] , and type 2 by a de novo heterozygous mutation in the EP300 gene on chromosome 22q13 [6] . Our patient had type 2 disorder (deletion c.494-497delTgAA in exon 2 of the EP300 gene). CREBBP is a transcriptional co-activator in cyclic adenosine monophosphate-mediated intracellular protein synthesis and as such is an important regulator of cell growth and division. CREBBP is also a critical co-activator for thyroid hormone receptors [7] essential for normal fetal development, central nervous system development and possibly memory.
RTS is uncommon and affects one in 100,000 to 125,000 neonates [8] . Both type 1 and 2 are considered to have an autosomal dominant pattern of inheritance [6] . A diagnosis of RTS is essentially clinical because the characteristic cytogenetic or molecular abnormality (mutations in either CREBBP or p300 or microdeletion at 16p13.3) can be detected only in 55% of patients, leaving the diagnosis in the remaining 45% to be based on clinical features alone. Prenatal diagnosis is possible by DNA analysis extracted from fetal cells obtained by amniocentesis (15 to 18 weeks' gestation) or chorionic villus sampling (10 to 12 weeks' gestation). Prenatal sonography is useful in the detection of physical fetal anomalies as an adjunct to genetic screening [9] .
The striking facial features and characteristic hand and foot findings of RTS mean that it is frequently recognized at birth or in infancy. Typical facial characteristics include a beaked nose, broad nasal bridge, cleft palate anomaly, grimacing smile, palpebral fissures, anti-mongoloid slant, apparent hypertelorism, coloboma of the eyes and the lower eyelids with a paucity of eyelashes [2] [3] [4] . Head circumference under the 50th percentile (95%), microcephaly (87%), strabismus (60,7%), refractive errors (50%) and cataract are also common. The ears are often abnormal in position, rotation, size or shape (75.7%) with atresia of the external auditory canals and bilateral conductive hearing loss. Patients with RTS have an increased risk of malignancies, affecting mainly the central nervous (oligodendroglioma, medulloblastoma, neuroblastoma, meningioma) and hematological systems (leukemia and lymphoma) [10] . Congenital cardiac anomalies can also occur in 24% to 38% of patients [11] .
The most characteristic finding is broad terminal phalanges in the thumbs and first toes (99%); other fingers may have a similar appearance (74%). Brisk reflexes have been observed. Hypotonia, ligamentous laxity and hyper-extensible joints are also very frequent (71.6%). Legg-Calve-Perthes disease (3%), dislocated patella (2.5%), congenital hip dislocation (1.4%) and slipped capital femoral epiphysis (0,6%) have been described [3, [12] [13] [14] [15] [16] [17] [18] . These features are likely to account for a typical stiff hip or knee gait with associated flat feet deformity (83.8%).
Delayed development is typical and mental, language and social retardation are common symptoms (98.5%) with the IQ often being under 50. Short attention span, impulsivity, clinically non-significant stereotypy, decreased tolerance for noise and crowds, hyperactivity, attention problems, withdrawal and nonspecific mal-adaptive behaviors such as self-injurious and aggressive have been associated with RTS. Previous reports describe a very clear psychiatric phenotype, characterized by autistic spectrum and tic disorders, major depressive disorder with obsessive-compulsive features, bipolar disorder, and psychosis [19, 20] . The behavioral disorders associated with the condition explain the severe problems that we encountered both during the pre-operative assessment towards scoliosis surgery but also in the peri-operative care, which was highly challenging.
Up to 70% of patients with RTS have type 1, whereas RTS-2 is much less common and represents a milder phenotype. Patients with RTS-2 have less severe facial dysmorphism and better cognitive function, but may have more severe microcephaly and malformation of facial bone structures compared with those with RTS-1. Spinal anomalies, such as spina bifida, congenital or acquired scoliosis, kyphosis, and lordosis have been commonly described in patients with RTS-1 (75.3%) [3, [12] [13] [14] . There have been previous reports of surgical treatment to address thumb deformity, polydactyly, patellar dislocation, cervical myelopathy and tethered cord, with no documented peri-operative complications [13] [14] [15] [16] [17] [18] . The development of keloid and hypertrophic scars is a common problem in patients with RTS and should be taken into account [21] .
We could find only one previous report in the literature of a patient with RTS-1 undergoing anterior and posterior spinal fusion to correct a thoracic and lumbar scoliosis with a good outcome [14] . Our patient with RTS-2 developed a severe double thoracic scoliosis that progressed significantly during puberty. She also had severe thoracic hypokyphosis resulting in a reduction in the antero-posterior diameter of her chest. The subsequent restrictive lung disease was an additional indicator for surgical correction. We elected to use a posterior approach and a hybrid (hook and screw) rod construct to stabilize her spine, correct the scoliosis across the two thoracic curves, and restore thoracic kyphosis. A single concave rod was used because our patient was severely underweight and a convex instrumentation would have been very prominent under her skin, potentially producing wound-healing problems and muscular pain. The use of an abundant bone graft followed by postoperative support through a spinal jacket allowed for a solid fusion and no recurrence of the deformity at follow-up. The initial challenging post-operative course was mainly due to poor patient compliance and difficulties re-establishing adequate feedings. At our latest follow-up, our patient had an excellent cosmetic result and a balanced spine, as well as improved respiratory function.
Conclusion
Scoliosis has not been previously reported in children with RTS-2. The deformity is progressive during the adolescent growth spurt and can produce severe thoracic distortion and restrictive pulmonary compromise. Surgical correction can be very challenging in the presence of multiple recognized co-morbidities but also because of significant behavioral and anxiety issues that result in high patient resistance and aggressiveness. Pre-operative assessment needs to exclude associated feeding, cardiac, respiratory and upper airway abnormalities that can increase surgical morbidity. The use of a single concave rod technique may be indicated in patients who are very slim because instrumentation cover is often difficult, resulting in wound infection and post-operative pain. Adequate feedings have to be established in the immediate post-operative period to allow optimum wound healing. Scoliosis correction and restoration of normal sagittal spinal balance can improve cosmesis, prevent muscular back pain and improve restrictive lung disease while allowing for return to normal function.
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